Introduction
============

Angiomyolipoma (AML) is a rare renal tumor accounting for 2--6.4% of all kidney neoplasms ([@b1-mco-0-0-1755],[@b2-mco-0-0-1755]). AML originates from mesenchymal tissue and typically consists of three histopathological components: Fusiform spindle or epithelioid smooth muscle cells, dysmorphic blood vessels and adipose tissue (triphasic pattern). AML may be composed mainly or entirely of one element, such as smooth muscle or adipose tissue. According to the WHO classification, there are two types of renal AML: Classical and epithelioid ([@b3-mco-0-0-1755]). The former is a benign tumor and composed of the abovementioned three components, while epithelioid AML (EAML) has a predominant epithelioid component and potentially malignant behavior ([@b3-mco-0-0-1755],[@b4-mco-0-0-1755]). EAMLs are part of the perivascular epithelioid cell family of tumors (PEComas). They mainly consist of a large number of hyperplastic epithelioid cells arranged in sheets, whereas the proportion of mature fat cells tends to be \<5%. Epithelioid cells are atypical large cells with abundant cytoplasm, vesicular nuclei and prominent nucleoli ([@b3-mco-0-0-1755]--[@b5-mco-0-0-1755]). EAMLs comprise 5--8% of all surgically treated renal AMLs ([@b5-mco-0-0-1755],[@b6-mco-0-0-1755]). Since renal AML is frequently managed by surveillance or selective arterial embolization, the proportion of EAMLs is probably even smaller. EAML may also be found in the liver and other organs, albeit infrequently.

In contrast to the benign biological behavior of classic AML, malignant behavior has been observed in some cases of EAML. Characteristics of malignancy, such as the presence of tumor venous extension, distant metastasis and local tumor recurrence have been reported in such EAML cases ([@b5-mco-0-0-1755],[@b7-mco-0-0-1755]--[@b9-mco-0-0-1755]). Therefore, it is important to distinguish EAML from classic AML, as each carries unique therapeutic and prognostic implications.

We herein report a case of locally recurrent and metastatic EAML, which was observed 12 years after nephrectomy for erroneously diagnosed simple AML, along with a review of the relevant literature.

Case report
===========

A 60-year old male patient presented in September 2013 to the Medical School of Crete University Hospital (Heraklion, Greece) with dull abdominal pain. The patient had undergone left nephrectomy with left adrenalectomy and lymphadenectomy for a renal tumor 12 years earlier. The histology report had revealed an AML of the left kidney, with a maximal diameter of 17 cm, while the left adrenal gland and the harvested lymph nodes had been noted to be normal. No history of tuberous sclerosis syndrome or renal tumors was recorded for the patient or his family. On physical examination, a tumor was palpable at the left side of the abdomen. While a computed tomography (CT) examination performed 2 years earlier had not revealed any abnormalities, a contrast-enhanced CT scan of the abdomen demonstrated a round heterogeneous mass, sized 12×12×13 cm, in the area of the resected left kidney. The mass lay adjacent to the psoas muscle and the spleen, and caused elevation of the left hemidiaphragm ([Fig. 1A](#f1-mco-0-0-1755){ref-type="fig"}). In addition, a tumor 3 cm in greatest diameter was found at the left side of the pelvis, while a lesion 1.9 cm in greatest diameter, suspicious for metastasis, was found in segment VIII of the liver. Multiple small simple liver cysts were also identified; the right kidney appeared normal. There were no enlarged abdominal lymph nodes or ascites. A CT scan of the chest did not reveal any pulmonary abnormalities. CT-guided core needle biopsy of the large mass and revision of the histology of the nephrectomy revealed an EAML ([Fig. 2A and B](#f2-mco-0-0-1755){ref-type="fig"}). In the primary tumor, \~10% of the cells were epithelioid. Magnetic resonance imaging (MRI) of the abdomen was performed to further delineate the anatomic relations of the mass and the nature of the pelvic and liver tumors. A relatively circumscribed large mass, sized 14×12×13 cm, was noted at the anatomic site of the resected left kidney ([Fig. 1B, C and D](#f1-mco-0-0-1755){ref-type="fig"}), with evident infiltration of the spleen ([Fig. 1E](#f1-mco-0-0-1755){ref-type="fig"}). The mass included extensive areas of necrosis, while it did not have a fatty component. The large mass was adjacent to the psoas muscle, the paravertebral muscles, the pancreatic tail, the left hemidiaphragm and the aorta, but without signs of infiltration of these structures. The imaging characteristics of the 4-cm lesion at the left side of the pelvis were similar to those of the large mass and it was considered to be a peritoneal metastasis ([Fig. 3A and B](#f3-mco-0-0-1755){ref-type="fig"}). A 3.1-cm metastatic lesion was also found in segment VIII of the liver, along with multiple small cysts ([Fig. 3C and D](#f3-mco-0-0-1755){ref-type="fig"}).

In the absence of a well-established effective systemic treatment, a two-stage operation was planned for this locally recurrent and oligometastatic disease, with initial resection of the large abdominal mass and the pelvic lesion, and subsequent excision of the liver metastasis. During laparotomy, no other lesions, apart from the ones identified on preoperative imaging, were found. The large tumor appeared to infiltrate the spleen, the mesocolon of the left colonic flexure, part of the left hemidiaphragm posteriorly, and part of the left psoas muscle. The mass was resected en bloc along with the spleen, left colonic flexure, part of the left diaphragm and part of the left psoas muscle. The lesion in the pelvis was located superficially at the mesocolon of the sigmoid and was excised. Both lesions were macroscopically completely resected. The defect in the diaphragm was closed and an end-to-end colon-colonic anastomosis was performed. The postoperative course was uneventful. Histological examination of the specimens revealed recurrent EAML with malignant characteristics. The large tumor was 17×11×9 cm in size, had large areas of necrosis and was composed of epithelioid cells with 2 mitoses per 10 high-power fields ([Fig. 2C](#f2-mco-0-0-1755){ref-type="fig"}). The tumor infiltrated the spleen ([Fig. 2D](#f2-mco-0-0-1755){ref-type="fig"}) and the mesocolon, but not the colon itself, the diaphragm or the psoas muscle microscopically. Immunohistochemical staining was negative for cytokeratin (MNF116), epithelial membrane antigen, CD10, desmin and c-kit, while the epithelioid cells were focally positive for Melan A ([Fig. 2E](#f2-mco-0-0-1755){ref-type="fig"}), human melanoma black (HMB)-45 ([Fig. 2F](#f2-mco-0-0-1755){ref-type="fig"}) and S-100. The pelvic lesion was 5.5×4.5×2 cm in size and exhibited characteristics similar to those of the large abdominal tumor.

At 3 months postoperatively, a CT scan of the chest and abdomen did not reveal any other suspicious findings apart from the solitary liver lesion. The patient subsequently underwent resection of the liver lesion and cholecystectomy. The postoperative course was complicated by a biliary fistula and an abscess of 6 cm in diameter in the resection bed. The fistula was treated conservatively with removal of the drain when its production stopped on the 8th postoperative day. The abscess was successfully drained percutaneously, while a broad-spectrum antibiotic regimen was administered. Histological examination confirmed the diagnosis of a liver metastasis originating from EAML. The lesion had a greatest diameter of 3.5 cm, while the surgical margins were tumor-free. The patient did not receive any adjuvant treatment.

Over 4 years (52 months) after two-stage surgery for recurrent EAML, the patient remains in excellent clinical condition and free of any symptoms, while physical examination and imaging studies did not show any evidence of recurrent disease at his last follow-up visit on July 25, 2018.

Discussion
==========

The development of renal AML may be associated with the tuberous sclerosis complex (TSC), which is a systemic autosomal dominant disorder that is usually caused by decreased or absent expression of TSC1 (hamartin) or TSC2 (tuberin) genes. The products (hamartin-tuberin complex) of TSC1 and TSC2 are associated with regulation of the mammalian target of rapamycin (mTOR) signaling pathway ([@b10-mco-0-0-1755],[@b11-mco-0-0-1755]). Lack of hamartin-tuberin complex results in the development of tumors in a number of organs, including AML in the kidneys. The incidence of renal AML is \~80% among patients with TSC ([@b12-mco-0-0-1755]). Similarly, analysis of sporadic AMLs and EAMLs has revealed an association with TSC2 ([@b13-mco-0-0-1755]--[@b15-mco-0-0-1755]). Sporadic AML is at least 2--4 times more common compared with TSC-associated AML ([@b8-mco-0-0-1755],[@b14-mco-0-0-1755]). Furthermore, while TSC-associated AMLs are usually multiple, bilateral and most often first detected in childhood, sporadic AMLs occur in older patients and are usually single and smaller ([@b12-mco-0-0-1755],[@b16-mco-0-0-1755]).

The classic renal AMLs are often found incidentally and are relatively easy to identify on imaging studies due to their fatty component. Due to their non-aggressive behavior, AMLs are rarely resected, unless they reach a size where the risk of rupture and hemorrhage is significant. Even in the latter case, many are embolized rather than resected ([@b16-mco-0-0-1755]). Thus, it is not surprising that many of the resected cases have a predominance of one of the components with paucity of the others, as they are likely to have atypical imaging characteristics. Fat-predominant and muscle-predominant AMLs may mimic liposarcoma and leiomyosarcoma, respectively, the most common types of retroperitoneal sarcomas. The epithelioid variant of AML was initially described in the 1990s ([@b17-mco-0-0-1755]). Focal epithelioid morphology may be observed in a number of classic AMLs and, to date, there are no data to suggest that this characteristic alters its benign behavior. There is no consensus as to the percentage of epithelioid cells required for diagnosing EAML, with some authors ([@b2-mco-0-0-1755],[@b7-mco-0-0-1755]) suggesting that only ≥5% of the cells must exhibit epithelioid histology, while others demanding at least 20% ([@b18-mco-0-0-1755],[@b19-mco-0-0-1755]) or even 80% ([@b2-mco-0-0-1755]). In addition to the epithelioid histology, these cells must also have enlarged vesicular nuclei with prominent nucleoli. When the epithelioid component predominates and nuclear atypia is extensive, these tumors may be erroneously diagnosed as renal carcinoma or sarcoma. It may be necessary to perform immunohistochemical studies to confirm the diagnosis of EAML ([@b5-mco-0-0-1755]--[@b9-mco-0-0-1755],[@b17-mco-0-0-1755]). While staining for epithelial cell markers is negative, positive staining for HMB-45 and Melan A is generally observed. The cells often express smooth muscle markers as well, particularly SMA and, less commonly, desmin. Staining for S-100 protein is usually negative. The majority of EAML cases display membranous and cytoplasmic staining of E-cadherin, whereas classic AML cases demonstrate cytoplasmic staining alone ([@b20-mco-0-0-1755]). Moreover, in diagnostically challenging cases, staining for CD68 (PG-M1) ([@b21-mco-0-0-1755]) and PNL2 ([@b22-mco-0-0-1755]) may be helpful in distinguishing renal EAML form other renal tumors.

The mean age of the patients presenting with renal EAML is \~40--50 years, while there appears to be no sex prevalence ([@b2-mco-0-0-1755],[@b5-mco-0-0-1755]--[@b9-mco-0-0-1755],[@b23-mco-0-0-1755]). In various series ([@b2-mco-0-0-1755],[@b5-mco-0-0-1755]--[@b8-mco-0-0-1755],[@b23-mco-0-0-1755]), the size of the resected renal EAMLs varied from 1 to 37 cm, with a mean size of 7--11 cm. Although EAML may be found incidentally on imaging, the majority of the patients are symptomatic, similar to classic AML cases ([@b2-mco-0-0-1755],[@b8-mco-0-0-1755]). Flank pain, hematuria and a palpable mass may be present, while renal AML may cause hypertension, renal failure and life-threatening hemorrhage ([@b16-mco-0-0-1755],[@b24-mco-0-0-1755]). Hemorrhage, which is strongly associated with aneurysm formation, is the major cause of death from this disease in adults ([@b16-mco-0-0-1755]), as the aneurysm size increases in accordance with the expansion of the AML. An AML or aneurysm size exceeding 4 cm and 5 mm, respectively, is associated with an imminent risk of rupture and subsequent hemorrhage ([@b24-mco-0-0-1755]). This major complication is more frequently observed in TSC-associated rather than sporadic AMLs ([@b12-mco-0-0-1755],[@b16-mco-0-0-1755]).

The diagnosis of renal EAML is rarely established preoperatively and this tumor is often misdiagnosed as renal cell carcinoma, as both are characterized by an insidious onset and non-specific clinical manifestations. In addition, the amount of fat in EAML on CT and MRI is markedly lower (\<5%) compared with classic AML and, consequently, EAML may be misdiagnosed as renal cell carcinoma or retroperitoneal sarcoma ([@b2-mco-0-0-1755],[@b25-mco-0-0-1755]). Renal EAMLs may exhibit variable morphological characteristics on CT and MRI. Hypointensity on T-weighed MRI, tumor necrosis, hemorrhage, cystic changes, infiltrative extrarenal (exophytic) growth, dilated vessels, extension to the renal sinus and renal vein, and inferior vena cava tumor thrombus may be helpful in distinguishing renal EAML ([@b1-mco-0-0-1755],[@b25-mco-0-0-1755]--[@b27-mco-0-0-1755]). On dynamic contrast-enhanced MRI, the enhancement patterns are non-specific, with varying degrees of enhancement ([@b27-mco-0-0-1755]). In contrast to AML, lymph node and systemic metastases may be observed on imaging studies in EAML. While in one series with 41 selected cases ([@b8-mco-0-0-1755]), 30% of the EAML patients presented with lymph node or systemic metastases at the time of the initial diagnosis, this percentage was significantly lower (0--9%) in other series ([@b5-mco-0-0-1755]--[@b7-mco-0-0-1755],[@b9-mco-0-0-1755]). Definitive diagnosis is usually obtained after core needle biopsy or histological examination of the resected kidney.

The malignant potential of renal EAML may result in local recurrence and/or metastatic disease, most frequently to the liver, lymph nodes, lungs and peritoneum ([@b5-mco-0-0-1755]--[@b9-mco-0-0-1755]). Recent series ([@b6-mco-0-0-1755]--[@b8-mco-0-0-1755]) have reported extremely varying rates of such malignant behavior (0--52%), most likely due to the potential bias by certain studies including patients with a small epithelioid component and others including many consultation cases in tertiary referral hospitals. Consultation cases may cause selection bias, since they are often particularly unusual cases, due to either their histological characteristics or their clinical behavior. Most recently, three major centers reported their collected data of EAML patients, excluding consultation cases and those with an epithelioid component of \<80% ([@b5-mco-0-0-1755]). After a median follow-up of 52 months (range, 1--356 months) only 1 of the 20 patients had developed metastatic disease, while all others remained disease-free. The authors considered that the incidence of malignant behavior of true EAML appeared to be in the order of 5% ([@b2-mco-0-0-1755]). However, since in other series ([@b7-mco-0-0-1755],[@b8-mco-0-0-1755]) recurrence was observed up to 72 months after initial diagnosis, and only 8 of the 20 patients in this series were followed up for \>72 months, the true incidence may be slightly higher.

In one of the abovementioned series ([@b8-mco-0-0-1755]), the presence of ≥3 of the following factors was highly prognostic for aggressive biological behavior: Presence of tuberous sclerosis syndrome, tumor size \>7.7 cm, tumor necrosis, extrarenal extension or renal vein invasion and carcinoma-like histology. In another series ([@b7-mco-0-0-1755]), ≥70% of atypical epithelioid cells, \>2 mitoses/10 high-power fields, atypical mitoses and necrosis were considered as adverse prognostic factors; the presence of ≥3 of these factors was highly associated with malignant behavior. In another study ([@b20-mco-0-0-1755]), tumor size, necrosis and invasive growth differed significantly between favorable and adverse prognostic groups of renal EAML patients. In the present case, the primary tumor manifested a large size (i.e., 17 cm in greatest diameter), but none of the other abovementioned adverse prognostic factors was observed.

The main local treatment options for classic renal AML are active surveillance, selective arterial embolization, nephron-sparing surgery or nephrectomy ([@b28-mco-0-0-1755],[@b29-mco-0-0-1755]). Primary indications for intervention include symptoms, such as pain or bleeding, or suspicion of malignancy ([@b28-mco-0-0-1755]). Prophylactic intervention is justifiable for large AML tumors, in women of childbearing age or in patients in whom follow-up or access to emergency care may be inadequate ([@b28-mco-0-0-1755],[@b29-mco-0-0-1755]). The treatment of choice for primary and locally recurrent EAML is surgical resection. Primary surgery may be either nephrectomy or, less frequently, nephron-sparing surgery. However, due to its rarity, there are currently no treatment guidelines for metastatic disease. In the absence of highly effective systemic treatment, surgery appears to be a reasonable treatment option for resectable oligometastatic disease ([@b30-mco-0-0-1755]), as in the present case. Response to chemotherapy has been sporadically reported ([@b31-mco-0-0-1755]--[@b33-mco-0-0-1755]). Recently, targeted agents against mammalian target of rapamycin (mTOR), such as sirolimus and everolimus, have been used successfully to treat TSC-associated renal AML, particularly in cases with bilateral tumors or when tumor progression is expected to lead to significant morbidity ([@b12-mco-0-0-1755],[@b34-mco-0-0-1755],[@b35-mco-0-0-1755]). Since sporadic as well as TSC-associated EAMLs harbor similar germline mutations that interfere with the mTOR pathway ([@b10-mco-0-0-1755],[@b11-mco-0-0-1755],[@b13-mco-0-0-1755],[@b14-mco-0-0-1755]), mTOR inhibitors may also be effective in metastatic disease consequent to sporadic renal EAML. In case reports of metastatic renal EAML, treatment with mTOR inhibitors has demonstrated clinical effectiveness ([@b36-mco-0-0-1755]--[@b39-mco-0-0-1755]). Therefore, the correct diagnosis of renal EAML can guide the clinicians, particularly in patients with extensive disease, to select a more effective systemic treatment. To date, there is lack of sufficient evidence for adjuvant treatment following resection of the primary tumor. However, the administration of mTOR inhibitors, such as sirolimus and everolimus, either as neoadjuvant or adjuvant targeted therapy may lead to a better clinical outcome in selected high-risk EAML patients ([@b35-mco-0-0-1755],[@b36-mco-0-0-1755]). However, the expected benefits should be weighed against the potentially serious adverse effects. No systemic treatment was administered in the present case, in view of the complete surgical resection of locally recurrent and oligometastatic disease and the absence of robust scientific data supporting its effectiveness.

Collective data of a total of 130 EAML patients from various series ([@b5-mco-0-0-1755],[@b7-mco-0-0-1755]--[@b9-mco-0-0-1755]) with a mean follow-up of 33--52 months, demonstrated that the median time to local recurrence was 15 months (n=9; range, 8--72 months) and the median time to lymph node or systemic recurrence was 14 months (n=12; range, 6--72 months). It is noteworthy that the present case was characterized by a very late local, peritoneal and systemic recurrence, i.e., 12 years after the initial resection of the tumor. Although in one series ([@b8-mco-0-0-1755]) 33% of the 33 selected renal EAML patients succumbed to the disease, in other such series ([@b5-mco-0-0-1755],[@b6-mco-0-0-1755],[@b8-mco-0-0-1755],[@b9-mco-0-0-1755]) with similar follow-up periods this rate was significantly lower, with percentages ranging from 0 to 11%. The mortality rate may be slightly higher with longer follow-up, since patients developing late recurrence, as in the present case, have also been reported.

In conclusion, our limited knowledge of the potentially malignant behavior of renal EAML may be attributed to its rarity. The diagnosis is usually established by histological examination of the resected tumor. Correct diagnosis of this subtype of AML is crucial for its management. The mainstay of treatment is surgery, while for metastatic disease encouraging results have been reported with targeted agents. The role of these agents in the neoadjuvant or adjuvant setting is yet unknown. Due to the risk of recurrent disease, which may occur even very late, and the presence of effective surgical and other emerging medical treatment options, long-term follow-up is indicated for renal EAMLs.
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![(A) Axial contrast-enhanced CT image showing a heterogeneous, large mass, occupying the surgical bed. (B) Corresponding axial T2-weighted MRI revealed a heterogeneous signal intensity mass, with cystic/necrotic spaces, areas of hemorrhage exhibiting a 'shading effect' (arrow), with (C) matching hyperintensity areas on T1 fat-saturated, unenhanced 3D GRE image (arrow). (D) The MRI also showed heterogeneous enhancement of the predominately solid areas of the tumor (arrow) and (E) infiltration of the splenic capsule (arrow). GRE, gradient echo; MRI, magnetic resonance imaging; CT, computed tomography.](mco-10-01-0043-g00){#f1-mco-0-0-1755}

![(A and B) Histological re-examination of the primary tumor demonstrated characteristics of an AML, with proliferation of predominantly round to polygonal epithelioid cells with enlarged vesicular nuclei and prominent nucleoli (H&E staining; magnification, ×100). Histological examination of the locally recurrent EAML demonstrated (C) more extensive epithelioid characteristics with atypia (H&E; magnification, ×100), (D) invasion of the spleen (H&E staining; magnification, ×100) and expression of (E) Melan-A and (F) HMB-45 in tumor cells (magnification, ×200). H&E, hematoxylin and eosin; AML, angiomyolipoma; EAML, epithelioid AML.](mco-10-01-0043-g01){#f2-mco-0-0-1755}

![(A) Mesenteric infiltrating mass (arrow) exhibiting the same imaging properties as the locally recurrent mass, with (B) heterogeneity on sagittal T2-weighted MRI, with areas of necrosis and heterogeneous enhancement on axial T1 fat-saturated 3D GRE images. (C) Half-Fourier acquisition single-shot turbo spin-echo depicted moderately high signal intensity of the focal liver lesion in liver segment VIII, (D) restricting diffusion on diffusion weighted imaging, ADC map (arrow), suggesting malignant, metastatic liver lesion. GRE, gradient echo; ADC, apparent diffusion coefficient; MRI, magnetic resonance imaging.](mco-10-01-0043-g02){#f3-mco-0-0-1755}
